ABSTRACT: A paleomagnetic study of the Paleocene-Eocene Esna Shale and Tarawan Chalk at the Dababiya and Qreiya sections near Luxor in central Egypt reveals stable normal and reverse polarity magnetizations. However, these (neritic) pelagic marine sediments have evidently been remagnetized because 1) the stable magnetizations are carried by hematite with no evidence of a primary magnetic mineral like magnetite, 2) the magnetic polarity stratigraphy is not consistent between the sections and with patterns expected from global magnetobiostratigraphic time scales, and 3) the directions correspond to late Cenozoic directions and are far from expected early Cenozoic reference directions for Africa. Our interpretation suggests that reported paleomagnetic results from other Cenozoic sediments from the Nile Valley suffered a similar fate. We suggest that the remagnetization may be associated with weathering and fluid flow during Neogene uplift and rifting in the formation of the early Nile Valley.
INTRODUCTION
Various criteria have been used to identify the specific level of the~55 Ma Paleocene/Eocene (P/E) boundary (Berggren and Aubry 1998) within magnetic Chron C24r (e.g., (Berggren et al. 1995) ; (Flynn and Tauxe 1998) , one of the longest polarity intervals (~2.5 m.y.) in the Cenozoic (Cande and Kent 1995) . A Global Standard Stratotype-section and Point (GSSP) for the base of the Eocene Series (i.e., P/E boundary) has been proposed recently in the lowermost part of the Esna Shale at the Dababiya section in central Egypt (Aubry et al. 2002) (text- fig.  1 ). The Esna Shale and underlying Tarawan Chalk (Said 1990) were sampled in this section and a parallel section at Qreiya in an attempt to establish a magnetostratigraphic context for the sequence of events associated with the P/E boundary interval in Egypt. Unfortunately, both the Dababiya and Qreiya sections are remagnetized and no reliable magnetostratigraphy was recovered, even though normal and reverse polarities are present. A review of the literature suggests that bipolar remagnetizations have affected many Cenozoic sedimentary sections in the Nile Valley.
GEOLOGIC SETTING AND SAMPLING
The Dababiya section is well exposed in a large quarry and surrounding gebels near the village of Dababiya, about 23km south of Luxor (Latitude = 25.50°N, Longitude = 32.53°E). The measured section is approximately 130m thick and is composed of the basal Tarawan Chalk followed by a~120m-thick succession of the Esna Shale divided in three units. The Thebes Limestone overlies the Esna Shale. The zero-level of the section was measured from a distinctive cherty horizon within the Tarawan Chalk, approximately 10m above the actual base of this unit and its contact with the underlying Dahkla Shale. The proposed P/E boundary is located near the base of Calcareous nannofossil Zone NP9b and marked by a sharp lithological transition from light-gray shale (Esna 1 unit, see Dupuis et al., this issue) to a dark carbonate-free clay-silt bed (base of the Esna 2 unit). This characteristic layer is followed by coprolite-bearing phosphatic laminite and shale then overlaid by a gray calcarenite (which may be traced into upper bathyal deposits in Egypt, Sinai Desert and Israel: Schmitz and Speijer 1996). These three main lithologies occur within the distinctive beds (Dababiya Quarry Beds) marking the base of the lower Esna 2 unit in the Esna Shale Formation at about the 14m reference level or 7m above the contact of the Esna Shale with the Tarawan Chalk. The remaining part of the succession is well exposed along the southern flank of the small gebel which dominates the quarry to the east and exhibits the Esna units 2 and 3 and the base of the Thebes Limestone.
The Qreiya section, exposed on the southeastern flank of Gebel Abu Had about 100km northeast of Luxor (Latitude = 26°21'N, Longitude = 33°01'E), has nearly the same lithological succession as at Dababiya but is about a factor of two thinner. The Tarawan Chalk is about 8m thick and the overlying Esna Shale is about 46m thick, with a total thickness of 54m compared to more than to 130m at Dababiya. The zero-level of the measured section was at the basal contact of the Tarawan Chalk with the Dahkla Shale; the overlying Esna Shale is again capped by the Thebes Limestone. The P/E transition, defined by similar criteria as at Dababiya (see Knox et al. 2003, chapter 5, this volume) , occurs within the lowermost part of the Esna Shale at the 16m-level, or 8m above of the contact with the Tarawan Chalk. Other details of the biostratigraphy and lithostratigraphy at Dababiya and Qreiya are given in other papers in this volume.
The lower part of the section at Dababiya that includes the Tarawan Chalk and the P/E boundary interval (Dababiya micropaleontology, vol. 49, supplement no. 1,  
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Quarry Beds) at the base of the Esna 2 unit was exposed in clean quarry faces and could be sampled directly. Shallow pits were first dug to remove loose and weathered material exposed on hill slopes for the upper parts of the section at Dababiya (Esna 2 and Esna 3 units) and for the entire section on the flanks of the Gebel Abu Had at Qreiya. The Esna and to a lesser extent the Tarawan rocks are not very indurated, which enabled us to take short 2.5 cm-diameter cores with a battery-operated drill using a serrated drill bit operated at low speed without water to avoid disaggregating the sediment. Hand samples were taken where drilling was not possible. All samples were oriented with magnetic compass. The beds at both sampled sections are within a few degrees of horizontal.
In both sections evidence of alteration has to be mentioned. The most obvious marker of it is the widespread distribution of small veins filled with anhydrite. In the Dababiya quarry the good exposures allow us to decipher a slight decrease in the frequency of these alteration features in relation to the distance between the mining extraction front and the initial surface of the outcrops.
Another evidence of alteration or weathering may be found as iron oxide nodules derived from pyrite that are disseminated at some levels in the succession. They are often brown or more rarely red in color and sometimes occur as fossil or burrow molds. Some nodules were subjected to XRD analysis to investigate their mineralogical composition. Red nodules mainly contain hematite, goethite, barite and anhydrite; brown ones contain jarosite, goethite and anhydrite. No pyrite or other sulphides were detected in either type but we cannot exclude that small quantities of primary sulphides and especially pyrite remain partially unaltered locally. Jarosite, gypsum (anhydrite) and iron oxides are characteristic products of the weathering of primary sulphides and the interaction of sulfuric acid solutions with the surrounding rocks (Nordstrom 1982; De Putter et al. 2000) . Anhydrite probably replaces gypsum because of the local climatic conditions of temperature and aridity. Barite may either be a primary sulphate related to organic productivity (Schmitz et al. 1997) or generated under specific geochemical conditions (e.g., base concentration, pH) related to acid weathering (Carson et al. 1982) .
We can infer that this association of alteration minerals may be more or less regularly present in the whole rock as shown by the in-situ iron oxide epigenesis of pyritized macro-and microfossils. Vein infillings reveal that there was water movement/ circulation able to distribute Ca-sulphate bearing solutions and leading to the precipitation of anhydrite (gypsum). The veins also imply a tectonic context favoring the opening of the fractures. If we suppose that the first sulfate deposited was gypsum, we must postulate a previous phase acting in different climatic conditions (higher precipitation?) followed by a more arid one.
NRM AND IRM DEMAGNETIZATION ANALYSIS
A total of 112 oriented samples from the Tarawan Chalk and Esna Shale at Dababiya and Qreiya were obtained for paleomagnetic analysis. The natural remanent magnetization (NRM) of each sample was measured on a 2G 3-axis DC-Squid cryogenic magnetometer in a magnetically shielded room. Progressive thermal demagnetization analyses were also done in the shielded room using a custom-built non-inductively wound oven with 3 heating elements and a water jacket to maintain temperature uniformity. Samples were maintained for 45 minutes at each temperature stop and cooled by forced air; residual fields in the oven were less than 10 µT. Magnetic susceptibility of the samples was measured after each thermal treatment to monitor laboratory-induced magnetochemical alteration. The thermal demagnetization results were displayed on vector end-point diagrams and component directions calculated by principal component analysis over selected temperature steps.
The NRM intensities were on the order of 0.3mA/m for the Tarawan Limestone and 3mA/m for the Esna Shale, with considerable variation. Thermal demagnetization of NRM usually showed straightforward vector end-point diagrams where the removal of a recent viscous or weathering-related component with low unblocking temperature (typically to 100°or 200°C) was followed by univectorial decay to the origin (text- fig. 2 .) This stable magnetization, referred to as component B, typically persists to temperatures of 650-675°C, which suggests a hematite carrier. The B component has both normal (northerly and down; e.g., text- fig. 2a, c, d ) and reverse (southerly and up; e.g., text- fig. 2b , e) polarities in different samples at Dababiya, whereas only a normal polarity B component magnetization was found in the Qreiya samples (text- fig. 2f, g ).
Selected fresh samples were subjected to isothermal remanent magnetization (IRM) acquisition and thermal demagnetization analyses to characterize the dominant magnetic carriers. IRM acquisition curves invariably show that saturation remanence is not reached by 2.5T; median coercivities are typically 0.5T to as much as 1.5T and signal the presence of magnetic mineralogic phases with very high coercivity (text- fig. 3 ). In some samples (e.g., text- fig. 3b ), there may also be a bench in the lower coercivity range (~0.2T) of the acquisition curve, suggesting the presence of an additional, lower coercivity magnetic remanence phase. Thermal demagnetization of IRM shows a concentration of high unblocking temperatures of 650-675°C, consistent with similarly high unblocking temperatures of NRM and pointing to hematite as the important carrier of stable remanence in these rocks. There are sometimes steps in the demagnetization curves at around 100°C and 300°C, which can be attributed to goethite and some form of magnetic sulphide like pyrrhotite or griegite, respectively. These magnetic minerals -hematite, goethite and the magnetic sulphide -are usually not associated with a stable primary remanence in marine sediments. Moreover, evidence is lacking for magnetite (i.e., a concentration of IRM or NRM unblocking temperatures at around 575°C). Although the presence of normal and reverse polarities is encouraging for the B component magnetizations to be interpreted as primary, the preponderance of secondary magnetic minerals and the absence of a primary remanence carrier such as magnetite suggest that an early acquisition of these magnetizations is suspect. A further indication that the B component magnetizations are not closely related to depositional age is that the polarity patterns at Dababiya and Qreiya are inconsistent with each other and with known global magnetobiostratigraphic relationships.
The B component was successfully isolated in 71 of the samples analyzed from the Dababiya and Qreiya sections. Most of the rejected samples, which showed a very large reduction in magnetization by 200°C and no consistent demagnetization trajectory at higher temperature steps, come from the coprolite-bearing interval in the lower part of the Esna Shale in both sections. A stratigraphic plot of the B component inclination in the Dababiya section shows a transition from normal to reverse polarity at the 9 m-level, close to the Tarawan Chalk / Esna Shale contact (text- fig. 4 ). It would be tempting to correlate this normal to reverse polarity transition, which is a few meters above the NP8/NP9 biozonal boundary, to the Chron C24r/C25n reversal. However, a similar polarity transition is not present at the same stratigraphic level at Qreiya where all samples with stable magnetizations have normal polarity directions. More problematical are the thick intervals of normal polarity directions at Dababiya (18m to 61m) and at Qreiya (19m to 43m), which occur within Biozone NP10 (Dupuis et al. Chap-143 Micropaleontology, vol. 49, supplement no. 1, 2003 TEXT-FIGURE 4 Magnetic susceptibility and B component inclination as a function of stratigraphic position in the Dababiya and Qreiya sections. Stratigraphic positions of rejected samples that had unstable magnetizations are indicated by ticks on zero inclination axes. Calcareous nannofossil stratigraphy from Dupuis et al. 2003 , chapter 3, this volume. Proposed GSSP for the base of the Eocene Series (P/E boundary) is approximated by the nannofossil NP9a/NP9b zonal boundary (14.5m-level in Dababiya and 16.0m-level at Qreiya). The Dababiya and Qreiya sections are aligned according to the contact of the Tarawan Chalk with the Esna Shale, which extends to its contact with the Thebes Limestone at the 54m-level in Qreiya and 129m-level at Dababiya. ter 3, Knox et al. Chapter 5, this volume) and should thus be within Chron C24r . Reverse polarity directions do occur in the Dababiya section from 63m to the top of the sampled section at 85m, an interval encompassing Subzones NP10b, NP10c, and the lower part of Zone NP11 (text- fig. 4 ), but there is no reverse polarity counterpart in the biostratigraphic age-equivalent interval at Qreiya, which has only normal polarity directions. It is thus unclear which, if any, of the magnetic polarity intervals at the Dababiya and Qreiya sections provide reliable magnetostratigraphic records.
PALEOPOLES
The mean northerly (D = 1.1°I = 43.6°) and southerly (D = 186.8°I = -36.8°) B component sample directions are within 8°o f antipodal and evidently reflect normal and reverse polarity states of an ancient paleomagnetic field (text- fig. 5 ). An indication of when the B component normal and reverse magnetizations were acquired can be surmised from the mean direction and associated paleopole position. The overall mean direction for the B component from the Dababiya and Qreiya sections obtained after inverting the reverse direction to common normal polarity is D = 2.2°I = 42.4° (Table 1 ). The corresponding pole position is located at 87.5°N 158.9°E (A95 = 2.5°), very close to the present geocentric axial dipole field direction (i.e., the geographic axis). By comparison to the apparent polar wander (APW) path for Africa, the Tarawan+Esna pole falls on the youngest (Pliocene or younger) segment and more than 20°a way from Eocene and Paleocene reference poles (text- fig. 6 ). This suggests that the B component magnetization of the Paleocene-Eocene Tarawan Chalk and Esna Shale was acquired some time during the past few million years.
DISCUSSION
Microscopic observations of washed samples from the Esna Shale reveal that benthic and planktonic fauna and other biogenic components are often filled by brownish iron oxide minerals, which evidently resulted from variable alteration of sulphides (pyrite) to jarosite, hematite and goethite. Iron oxide nodules can also be observed in association with jarosite from place to place. In addition, the shales are often hachured by fractures containing a white powder that XRD analysis confirms to be anhydrite. These observations correspond to the detection of sulphides and especially hematite in the NRM and IRM analyses. Sulphides probably formed early in the depositional history of the Tarawan Chalk and especially the Esna Shale, whose overall dark hue is consistent with reducing conditions. Magnetic evidence of residual sulphides was found in the coprolite-bearing interval in the base of the Esna 2 unit (Dababiya Quarry Beds) that did not yield stable magnetizations. However, most of the original sulphides have evidently been altered, especially to the potassium iron sulfate hydroxide mineral jarosite, which is a common alteration product of sulphides in certain weathering environments (e.g., Alpers et al. 1992) . The hematite found in these rocks is likely to be associated with the sulphide alteration, even though the Tarawan Chalk and Esna Shale are not red in color. Hematite can carry a stable secondary chemical remanent magnetization, which is the most likely origin of the B component magnetizations. The fact that the secondary B component has normal and reverse polarities indicates that the alteration to hematite Tauxe et al. [1983] ; 60 Ma and 30 Ma, co-paleolatitude intersection poles using Paleocene and Oligocene inclination-only data from marine pelagic sediments on the African plate (Schneider and Kent 1990) . Also shown are paleopoles recently reported from other Cenozoic sedimentary units in the Nile Valley of Egypt (Abdeldayem 1999) proceeded over an extended time interval. The reverse polarity magnetizations provide evidence that at least some if not most of the alteration and weathering was relatively ancient, occurring sometime prior to the Brunhes normal polarity interval (0-0.78 Ma). Ancient episodes of weathering have been documented by 40 Ar/ 39 Ar dating of jarosites elsewhere (Vasconcelos et al. 1994 ).
The paleomagnetism of several other Cenozoic sedimentary rock units from the Nile Valley (Cairo area) have recently been reported (Abdeldayem 1999) : the Eocene Mocattam Limestone, Oligocene Qatrani Sediments, and the Pliocene Kom El-Shellul Limestone. The descriptions of the magnetic properties of these rocks are very similar to those documented here for the Esna Shale and Tarawan Chalk including hematite as a principal carrier of a stable magnetization of both normal and reverse polarity in each unit. Interestingly, the paleopole positions reported for the Mokattam, Qatrani and Kom El-Shellul are not significantly different from each other, despite the range of depositional ages, and are clustered around Miocene and Pliocene reference poles for Africa (text- fig. 6 ). This suggests that these rock units from the Nile Valley have also been remagnetized although perhaps not precisely at the same time as the Esna Shale and Tarawan Chalk whose pole position falls on the Pliocene and younger portion of the Africa APW path. The remagnetization may be related to initial uplift and rifting of the Nile Valley graben in the Neogene (Said 1993; Mostafa 1999) , which may have exposed these rock units to weathering as well as alteration from enhanced fluid migration. In any case, these rocks are dominated by secondary magnetizations and until the remagnetizations can be dated independently, these aleomagnetic results are not very suitable for the construction of APW paths. 
